In this paper we propose an implicit force control scheme for a one-link flexible manipulator that interact with a compliant environment. The controller was 
Introduction
In the feedback control theory two types of controllers can be identified: unconstrained and constrained controllers. The unconstrained controller is used when the end-effector is not in contact with the environment, for example in robotics: feedback control for regulated and tracking control for position and ve-5 locity the end-effector respectively. The constrained controller is used when the end-effector is in contact with the environment, the force controller is classified inside constrained controller for robotics. The applications in control of force from manipulators have a combination of the two types of controllers, because is necessary first to localize the end-effector of the manipulator in the workspace 10 in a point desired and then regulate to the force desired.
The following a review of the state of the art in force control. The hybrid controller proposed by Raibert & Craig in [1] and [2] is based on the workspace orthogonal decomposition in two subspaces: position control and force control.
In [3] the system dynamics was included into the position-force controller. The 15 impedance control by Hogan [4] combines both, position and force signals used in the complete manipulator-environment interaction. Such controllers can be used when the manipulator is in contact with the environment and also when it's not in contact with the environment. The explicit force control [5] uses a forceerror to regulated the closed loop. The implicit force control uses a tracking 20 controller in stationary state to regulate the force applied to the environment.
In this paper we propose a scheme of Implicit Force Control for a one-link flexible manipulator, where the end-effector interacts with a compliant environment in the x − y plane or vertical plane. The control scheme has two closed loop controllers. The inner loop is a tracking controller with gravity and vibration 25 frequencies compensation. The outer loop is a implicit force controller. The scheme of force control this based on a dimensional finite mathematical model of the manipulator [6] , [7] . This paper describes: 1) The mathematical model of the manipulator 2) The control scheme proposed 3) The stability analysis, 4)
The results and analysis obtained and 5) Conclusions.
Mathematical model
The dynamics has been modelled in the joint space, where the system is the one-link flexible manipulator with rigid rotational joint. The gravitational force and the constrained environment are considered in this model. 
Assumptions
We have considered the planar position of the manipulator, the equation (3) define the position end-effector of the manipulator, considering the deformation of the beam in the end-effector. The kinetic energy are represent by equations (4) and (5), where: A, ρ, I b and l, are cross-sectional area, uniform mass density, inertia and length of link respectively of the beam (link).
The potential energy (V) has two components, the component associated to the gravitational force (V g ) and the component associated to the beam deformation (V e ). The equations (6)- (9) represent the potencial energy of the system.
From (5) and (9) and replace in (2) for one link i.e. i = 1, and using the separability principle [10] , for w i (x, t), the equation of motion might be obtained, fur- T , and the control vector u = τ − τ e .
The equation (11), representing the mathematical model in state variables, where the constants was defined by:
dx, is important remarking that the equation (11) can be expanded for n modes of vibrations, for details see [6] .
3. Control Scheme
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We propose a control scheme with two closed-loop. The 
Tracking Control Loop
We propose a theorem that ensures the global asymptotic stability of the PD (Proportional-Derivative) tracking controller, with both gravity and vibration frequencies compensation on manipulator. The theorem (1) given by the expression (13):
where K p and K v ∈ R nxn are symmetric and positive definite matrices and 
where (14) is a non autonomous differential equation, with an equilibrium point in the origin [℘ T℘ ] = 0 ε R 2n .
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The equation (15) will be used as the Lyapunov candidate function, this function is defined from dynamics of the manipulator.
According to statement of Robotics Theory, the inertia matrix M (℘) is symmetric and positive definite, and by definition K p is also symmetric and positive definite [11] , it can be assured that is also globally positive definite. Replacing
, we obtain:
Given that by definition K v is symmetric and positive definite and ∆ is a nonsingular matrix, their product is positive definite, proving that˙ < 0 is a globally negative definite matrix. We can conclude that the system has global asymptotic stability in the theorem (1), for any symmetric positive definite matrix K p 130 and K v .
Force Controller

Force-Torque
In order to write (1), we can suppose that the manipulator end-effector is in contact with environment. In other hand, applying the virtual work princi-135 ple [13] , we can consider that the forces vector applied by the manipulator on the environment can be associated with the Jacobian (17), obtaining a finite dimensional model when the manipulator is it contact with the environment.
where the J(℘), is the Jacobian Matrix, that associates the velocity vector in the joint℘ with the velocity in the end-effector. In other words, a transformation 140 from angular space to cartesian space. The Jacobian used in our expressions have been calculated directly of the end-effector position in cartesian space P (x, y), considering the transversal deformations of the beam and f c , as the contact force.
Since P (x, y) is written in terms of (θ i , q ij ), the kinematics velocity equation for 145 the end-effector will be:
The mathematical model for the flexible manipulator has been developed for two vibration modes (ν = 2), with the resulting Jacobian Matrix is:
Environment Model
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The end-effector/contact-surface interaction is very difficult to model. In this case the environment has been modelled as a compliant environment without friction.
The contact force f c have been representing as a position difference between end-effector P (x, y) and contact point P 0 (x, y) more a K e , that represent the 155 environment stiffness coefficient. Since we consider a compliant environment, can be represent as a constant symmetric positive definite matrix.
Control Law
The implicit force control scheme was constructed as the outer loop that associates the contact force (22) contribution.Ṗ
Where
e k f , and integrating in time the position reference for the force control law: 
Stability
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In order to ensure the controller stability, we have defined our force controller based on (23) and (24), defining the velocity and position of the outer loop .
Considering the desired force f d as a constant, the controller (23) ensure an asymptotically exact regulation, while the inner loop provides an asymptotically exact tracking. The inner velocity loops with bounded errors can be seen as:
If lim t→∞ sup ∆ẋ(t) ≤ S and S ǫ R n , then 0 ≤ S ≤ ∞ and
Results and analysis
The proposed control scheme was tested using MatLab and Simulink. The Force component Fy applied to the environment. 
